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HEAT RESISTANT EXPLOSIVES III
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DATB, FROM 1,3-DIMETHOXYEFNZENE
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Chief, Organic Chemisti-i DivB'i"•n

ABSTRACT: A facile method for the preparation of 1,3.-diamiano-
2,4,6-trinitrobenzene, IV, from commercially available 1,3-
dimethoxybenzene, I, is described. The method gives yields of
147 parts of IV per 100 parts of I and is easily adaptable to
commercial scale production.

Co~ercial grade I is aulfunated to what is probably a mixture
of sulfonic acids, 11, and the mixture is then nitr'ated with-
out Isolation to 1,3-dimethoxy-2, 4 ,6-trinitrobenzene, it, at
low temperatures. The treatment of III with methanolic ammonia
or solutions of arumonlum acetate yields IV in a high degree of
purity.
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'ieveral experimental procedures for tne prepartion of largepartielp, size IV are described."--

Chemistry Research Department
U. S. NAVAL ORDNANCE LABORATORY
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This report descrlbes a new synthesis of 1,3-diamino-
2,4,1(-trlnitrobenze-ie from 1,3-dimethoxybenzene. Results
indliate that the procedure -zan be readily adapted to plant
scale production. This work was performed under Task No.
i!R-44, Chemistry of Hligh Energy oompounds.

.MFTi, A. PETERSOn
Captain, USN
Cortmander
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HEAT RESISTANT EXPLOSIVES III
!,3-PIAW1NO-2,4-TRINITROBENZENE,

DATB, FROM 1,3-DIMEThOXYBENZENE

INTRODUCTION

PreliAinary small scale tfsts indicated that, as had been
predicted in these laboratories, 1,3-diamlno-9,4,6-trlr.itroten-
zene (DATBI m1.wht well meet the r!quirements for a heat-resis-
tant intensitive explosive. This prompted the Organic Chemistry
DivisiCon to unde4take the development of methods suitable for

pr•. " • iton of t-.hs explosive in quantities sufficient for
large scale tests.

A method developed by Shipp and }Jill (la) involved the
nitration of rn-nitroaniline to 2,3, 4 ,6-tetranl roaniline followed
by the amination of this compound to DATB. The method was some-
what Lime-consuming and increased demands for DATB for large
scale testing programs made it difficult for the NOL pilot
plant to supply sufficient quantities by this route. Efforts
were therefore initiated to improve the existing procedure and
to find new routes by which this material could be manufactured

" larce 0uant~ttie. Kaplan ýIb) has accomplished the former
ob,!ective withn the development of an elegant and facile con-
tinuous process for the n-ritxrinnl'e nitration; the present
report describes a successful effort to meet the latter re-
quirement. The net result of the overall program has been the
development in these laboratories of three distinct procedures
for •.•c mantufactuire of DAT8, each of which is believed to repre-
sen;' substantial improvement over the best previous method, the
conder3ion of styphnic acid to .|cý.Irotrinltrobcnzcne then to
DATB as reported by Haas, Feuer and Harban (ic).

DI"CUSSION

Since it has been demonstrated that tetranitroaniline :zuld
be converted to 2,4,6-trinitro-3-methoxyaniline which, in turn,
could be aminated to DATB (la), it seemed reasonable that 1.3-
dinethoxy-2,4,6-trinitrobenzene could be arinated by similar
procedures. The problem evolved into one of finding a suitable
ncthod for the preparation of the dime~toxytrinitrobenzene. The
synthesis of this compouna from 2, 4 -inIrrescrcinol by rnethyl-
ation followed by nitration had been reported by Vermeulen (2)
in 1919. This procedure seemed too involved and the direct
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nitration of -i-diriethoxybenzene, available in large quantities
from the Kon~,,._-'ompany at about $1.70/lb., was considered as
more feasib½•.

In ti:e fir1st condittons tried, the dimethoxybenzene was
ailoi.-ied to '_'a.d In a mixture of 96% nitric acid and acetic
ar,:ydride for twenty five hours at room temperature. The pro-
duct obtained In 82ý yield was 1,5-dimetboxy-2,4-dinitrobenzene.
%ubI,,no (3) ha5 reprted the same compound as resulting from the
treatment of 1,5-dimetlioxy-2-nitro-4-tert-butylbenzene with n~tric
acld In acetic anhydride as have Carpenter, Easter and .Xood (4)
!*rom the treatment of 1,5-dli,.ethoxy-2,4-dil-tert-buty.lbenzene with
ritric acid in a mixture of acetic acid and acetic anhydride.

Due to trie similarities between phenol, resorolnol and
1,3-dlmethoŽ;ynenzere, methods used in the preparation of pi;ric
and ,typr-n1c acids were next considered. Since the methoxyl
group exerts an activating effect towards electrophylit' attack
at tne orti.G and para positions, and since its effect Is about
a3 sfreat as that of the hydroxyl group, it was surmised that the
,cttration of i,3-dimethoxybenzene would be rapid and that low
temperatures would suffice. rhis see, .ed especially likely since
in this comnpound the 2-, 4- and 6-positions are doubly activated,
:tnrjd It was, indeed, found to be the case.

Picrtc acid is made from phenol (5,6,7) in 75-90% yield by
t,.e treatment ,l' its sulforiation products with nitric acid. The
crncess requires approximately twenty-four hours for large scale

ncorsche and Feske (8) prepared styphnic acid from reeorcinol in
j34 yield using a smrilar procedure.

ON ON

I
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Modifications of this procedure proved to be very satisfactory
in the preparation of 1,3-dinethoxy-2,4,6-trinitrobenmene.

0012

Small scale runs using 10.5 g of the dimethoxybenzene required
approximately one hour for completion and gave yields of 87%.
The products were of good quality, usually melting at 1210-173o,
A single recrystallization generally raised the meltIng points
to 12 0 -125 0 , the same as that reported by Vermeulen (2). Larger
runs required considerably more time due, at least in part, to
our inability to maintain adequate cooling and stirring in the
laboratory. Large excesses of both suif'uric and nitric acids
were used t facilitate 'handling of the thick reaction mixture
rather than to enhance the reaction. Optimum quantities were
found to be one volume of the dimet•hoxybenzene to six volumes
of sulfuric and four volumes of nitric acids, The nitration
product tended to float to the top of the acid mixture giving
it a consistency much like pancake-batter. If the temperature
during the nitration was allowed to rise above 300, gassing of
the mixed acid was appreciable and foaming of the thick mixture
became a further problem. Attempts to reduce foaming by in-
creasing the volume of sulfuric acid had an adverse effect prob-
ably because the specific gravity of the acid mixture was raised,thereby increasing the tendency or the product to float. The
uoe of both 70% ar. 901% nitric acid produced good yields but the
00% acid tended to increase gassing and foaming. Thesi problems
were apparently minimized when 7C% acid was used, the tempera-
ture kept below 300, and stirring was at a moderate rate with
a heavy duty stirrer blade the Ic~ngth of which was almý.st equal
to the diameter of the flask.

In plant operations it might be po3sible to recover the
product by direct filtration; in the laboratory, however, drown-
Ing in crushed ice was more practical. The drowned mixture should
be filtered immediately to eitiunate the possibility of hydrolytic
cleavage of iethoxyl groups. In one run using 735 g of dimethoxy-
hen7pno, che drowned mixture stood overnightt at room temperature
before 1"t7ation. The yield was reduced to 17% and the product
was yellower than any other obtained during this Investigation.

CONFIDENTIAL



CONFIDENTIAI ,
NAVORiD Report 6208

On st-injiný, the filtrate yielded additicnal so'id niaterial
of which ,,, was recovered oy filtration. A recrystallized
sample of this compound melted at 850-860 and was identified 2
as Phft'n -3-methoxyphenol by amiration to 2,4,6-trinitro-
3-aminopheno•]

Since even 90% rnitrl-c acid contains considerable water,
it seemed probable that the exotherm experienced during the
alditlon of nitric acid was due in part to the hydration of a

t e sulfuric acid. substituting a pre-cooled sulfuric-ritric
acid mixture for nitric acid in this step resulted in no appre--
clable inprovement and indicated that this effect was negligable.

Other modificatiunta of the process included dtlution of the
sulfonation mixture with water prior to nitration, the use of
mixed acidz in a one step reaction, reversing the order of
add1tion of the acids, and the use of concentrated nitric acid
only.

In one reaction using 52.5,g of the dimeth.xy~enzene and
30-) mif slifuric acid, ý1(X mi of water was ac.ed to the

reaction mlxuture after sulforiation in an attempt to cut down
foaminy. On nitration with 200 ml of 90% nitric acid, the pri-
mary product was 1,5-di~nethoxy-2, 4 -dinlti'obenzene.

'.%"hen mixed acids were used In an attempted one-step ni-
tratlon, the reaction temperature was much mor'e difficult to
control and rose to 500 during the addition of the acid. The
reaction mixture oecame very dark and resinous, indicating that
considerable oxiditlon had taken place. After a difficult work-
up tLe only product isolated was 1,5-dImethoxy-2,4-d nitrobenzene.

In cases w-iere only nitric acid was used, and where the order
I addition of" nitric and sulf,•"ic acids was reversed, .onsiderable
dc-radation took place, bat the primary product was again 1,5-C-•PI-.s is somewhat difficult to
recon-cile ý.ith our tln•I,,r as to the.mzechanism of the reaztion.

A 1,enerally acce~ted view is that in nitrations of such
comrmtoonds as phenol, the entry of the first nitro group into
Li., --,leci.le is extremely rapid aud exothermic, and that the
liat renerated in the reaction promotes tne oxidative destruc-
i * Vu -, t:-- I olecule. It is also generally held that sulfonation
prior to nitration reduces ý'hs effect because tine ...... a--

-,action Is lesa vigorous and the subsequent replacement of the
3ulfonuc acid 'roup Js considerably less exothermic than the

4
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replacement of a hydrogen atom. Olsen and Goldstelin %7) found
that In the preparation cf picric acid a mixture of Mono- and
disulforlic acids was formed in the sulfonation step. In 1,3-
dlmethoxybenzene, the 2-, 4-, and 6-positions are All doubly
activated and the trisulfonic acid might be expected to form
tnder the coodItiona of the sulfonation reaction (30 min. to
1 hr. at l0C.). This is supported by the fact that when ni-
tration was performed without prior sulfonation at a tempera-
ture below 600, and when the order of treatment with nitric and
sulfuric acids was reversed at temperatures of 200 or lower,
only the dinitro compound could be isolated. This indicates
that substitution at the sterically hindered 2-position may take
place under the more vigorous conditions of sulfonation reaction
and that the sulfonic acid group in this position is replaced
by the amaller nitro gronp more readily than l. a hydrogen.
Vowever, since the dinitro compound was again obtained by ni-tration with 90% nitric after first diluting-the sulfonationmixture with water, it appears t.iat the trisulfonic acid may

never have been formed. It might have been expected that the
dinitrosulfonic.acid would result under these conditions. This
apparent anomaly deserves further investigation-.

A small scale run was carried o0,t using 2 g of dimethoxy-
benzene, 12 ml of 95% sulfuric acid and 8 ml of 'mu; niWr-lu Lo
determine what would happen should the control of the tempera-
-Are get out of hand. The nitric acid was added rapidly from

a pipette in 2 ml-portions. The temperature rose veq rapidly
and, by the time 4 ml had entered, it had reached 100. Further
additions of acid resultej in cooling. The reaction mixture
was not as clear as under normal conditions but was not resinous.
There was no tendency to foan, and much of the product had dis-
solved at the higher temperatures. The yield was 69%.

A summary of nitration reactions is given in Table I.

Amination of 1.3-Dimethoxy-2.4.6-trinitrobenzene: Procedures
U-ed inthe amination of 2,3i4,b-tetranitroaniline were easily
adaptable to 1,3-dmmethoxy-2,4,6-trinitrobenzene with good yields.

5
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When a benzene solution of the dimethoxytrinltirobenzene was
allowed to stand with methanolic ammonia for 30 min., an ex-
cellenL quaoi of l,3-diamiro-P,4,6)-t4inltrobenzene resulted.
The unly drawback was the small particle size, which is also
the case wneri DATIB is prep~ared by sim-Ilar procedures from, te.tra-
nitroaijIllne.

Th•e small particle slze 1i probably due to the rapid rate
of reaction and the low solubility of the product in the reaction
solvent. Efforts were made to retard the rate of reaction by
substiLutlnK solutions of ammonium acetate and ammonium acetate-
acetic acid in methanol for the methanolic ammonia. VarIations
of these procedures resulted in particle sizes ranging from
WV to 100 microns, An adverse effect on vacuum stability,
resulting in values of 4.3 to 7.12 cc of gas per gram per hour
at 2600, may have been due to imcomplete removal of acetic acid
from the product. it is ncn.torthv that In a 3ualltative run
a small amount of dimethoxytrinitrobenzene in an acetic acid
solution of ammonium acetate, heated over night on a steam bath,
yielded a product melting at 283o-264c and havinig a partlcle.
sIze ox a,0 micr-u,,.

EXPERIMENTAL

Nitratlon of !,3-Di xethnxvbenzene. The optimum procedure
for th. vreparation of 1,3-dimethoxy-2,4,6-trinitrobenzene Is
deacrynel tcr:ether witL two procedures which give good yields
of i,5-c xmetih-nrxy-2,4-dinitrobenzene.

.W:3-Dimethoxv2-2.|t6-trinitrobenzene: A 12 liter 3-neck
round bottotn flask was fitted with a dropping funnel, thermo-
moter and rnechanical stirrer .wth a heavy-duty Teflon blade
whbuse length ;.as almost equal to the diameter of the flasK.
The flask was charped with 4200 ml of 95% sulfuric acid, 735 g
of 1,32-•methonyxhnzene was added rapidly with stirring and
the temperature raised to 9Oo-10o0 on a steam batn. The soiu-
tion turned green snd on continued heating, a greY precipitate
for:npd. After 30 min. at 90o-000°, the steam bath was replaced
vy an efficient ice-salt bath and the temperature lowered to

;c-lO. A volume of 2800 ml of 70% nitric acid was then added
ti.hruFh the dropping funnel during the course of 2.5 hours the
r rAte being slo5; unouth to keep the temperature from rising above
30-". The reaction was extremely exothermic atd t'quired very

a' efficient cooling. The solution turned red-br-wn and as the
cf.ýWtion progressed, a tan prec!pltate formed and tended to
'flcat on top of the reaction mixture and to coat the walls of

the flask. Since inadequate cooling or stlrrlng at this point

6
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caused considerable foam formation, stirring was at a moderate
- speed but sufficient to continuously fold the batter below the
- surface of the solution and to break the cake on the walls.

After about 14u0 m! of nitric acid had been added, there was
no further exotherm and the remainder of the acid was added
more rapidly. The mixture was stirred for about 15 min. after
the addition of the nitric acid waa complete then poured intoS sufficient crushed ice so that considerable remained unmelted
after all of the reaction mixture had been added. Aa soon as
the ice was completely melted, the mixture was filtered through
a sintered glass funnel and the filter cake washed thoroughly
with cold water. After drying first in air then in the oven

S at 500, the crystalline crude product was slightly yellow fine
needles, m.p. 1210-123°. Yields were from 83-87%. AfterS crystallization from ethanol, the product melted at 12 40-12 50I and had an impact sensitivity 257 cm (tr- 0.1) on sandpaper---
(NOL machine, type 12 tools). The crude product was sufficiently
pure to be used directly in the amination step.

I .-Dimethoxy-2,4-d'nritrobenzene. Method I: A 100 ml4 ýree-neek rimnd bottom fr.tsk fitted with a mechanical stirrer.
dropping funnel and thermometer was charged with a solution of
5 ml 90% nitric acid in 20 ml acetic anhydride and the tempera-

I ture lowered to 50 on an ice bath. A solution of 2.1 g 1,3-
dimethoxybenzene in 5 ml acetii anhydride was added dropwise

I with vigorous stirring over a 15 min. period, tne rate of addition
being slow enough to prevent the temperature. from rising above
250. The reaction was very exothermic and the mixture turnedI a bright green. After addition was complete, cooling was re-
moved and stirring continued for about threa hours during which
time there appeared no further tendency to self heat. Stirring
was then discontinued and the reaction mixture allowed to stand

- at room temperature for 22 hours. The contents of -the flask
were poured into 200 ml of crushed Ice and water, stirred
vigorously for a few minutes and filtered through a sintered
glass funnel. The filter cake was washed thoroughly with-cold
watjr and dried in vacuum desiccator over CaCl2. The yield was
2.83 g (82%) of a wine-colored crystalline solid melting at
1420-•430. On treatment with charcoal and recrystallizing
from ethanol the melting point was raised to 1540o-1550, and the

S product was yellowish tan needles. Method II: A 500 ml 3-neck
round bottom flask fitted with a mechanical trreradropping
f unnel and a thermometer, was charged with 20 ml of 90% nitric
acid. With vigorous stirring, 52.5 g of 1,3-dimethoxybenzene
was added dropwtse, and the temperature maintained at 450-500
bu- exenv.s.,al cooling. The reaction mi.,tur, tiurned a veryv dgrk

7
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red and there was a copious evolution of brown fumes. The
addition was complete IT about 20 minutes, the temperature- - - - - - -n [:n- -_r _-t -dio - nn

a~I~ ~4 It'J .LL..I n .U 1,0 L.U LJ 01- C111 dLUUJ.L101UilJUJ

minutes after which self-heatlnw ceased and the solution
had turnpd' deep green in color. After an additional 90 min-
utes without cooling. the temperature had dropped to 350 and
the color had clanged to deep red. A volume of 200 ml of
crushed Ice end water was added with atirring whereupon the
product coagulated into a gummy mass. The supernatent liquor
was decanted off and the gummy residue triturated" in 100 ml of
hot glacial acetic acid. On cooling in ice, filtering and
washlng. thoroughly with cold water, the residue was dried in
the nven at 1160. The yielý was 50 g (58%) of tan needles
meltlng st 171-15-31.

Amnination of !,3-Dinet-oxy-2,4,6-trinrtrobenzene. In
Lhi* sectlon a standard aminatlon procedure ising methanolic
ammonia is ,lescribed together with sever&] experimental pro-
cedures designed to give larger particle sizes. The bulk of
the diethoxytrinitrobenzene prepared in this work has been
a!:inated us ing the improved meLhodB ut- Shipp, Hall and Hill
(9) and will be reported In a subsequent NAVORD Report.

Amination With Amonla: A 200 ml 3-neck round bottom flask
iqa± fitted with a mechanical stirrer, a thermometer and a dropping
funinel. A volume of 25 ml of absolute methanol was add d to the
flask, cooled to 70 and saturated with anhydrous ammonia. Ten
tgirirrs of 1,3-dimethoxy-2,4,6-trinitrobenzene, was dissolved in
5o ,,I of warm benzenve, the solution filtered and a small amount
ot insoluble residue on the filter was washed with an additional
I0 rnl of benzene. The filtrate and washings were cooled to room
temperature and added dropwise with cooling and stirring to the
mettbanolic ammonia. The addition requilred 10 minutes and the
reaction temperature *•as not allowed to rise above 130. During
tre addition, the solution immediately becomes red-orange in

ana " 4 for nn additiona frm.. Sftir

rtng ard cooling was continued for an additional 20 minutes after
which the yellow solid was collected by filtration and washed
w;ith ethanol. After drying first in air then in the vacuum
oven at 1160, the product was 8.44, (964) of a very fine vellow
crystalline material ,melting at 286'-28"7 (very slight decomPo-
sttion>. Vacuum stability - 1.7 cc/g/hr. at 2600. 'drveicle

sa 3~ inico'oýý

Amination .ith Ammonium AcetfRte: 7o a solution of ten grams
of a:.mcnium acetate in 50 ml of absolute ethanol and 10 ml of

8
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benzene was added in one portion at 700, fifty gratus of 1,3-
dimethoxy-2,4,6-trinitrobenzene in 50 ml of absolul;e ethanol
and 30 m! of benzene. A yellow precpittte began to fornt
immediately. The reaction mixture was heated for 15 minutes
on the steam oath, cooled to 500, filtered and the filter cake
washed on the funnel first with absolute ethanol then with
ether. The glistening yellow crystals were dried first in
air then in the vacuum oven at 1160. The yield was 3.79 g
(86%), m.p. 2830-2840 (dec.)- The particle size was 50-60"
microns. in the vacu~um s1ab.1lity test at 2600 -tie product
gave 4.3 cc of gas/g/hr.

Amination with Ammonium Acetate and Acetlc Acid: A solu-
tion of 50 9 of ammonium acetate of 5 ml of glacial acetic in
iOU ml of absolute ethanol was brought to a boil on the steam
bath. Fifty grams of 1,3-dimethoxy-2,$,6-trihitrobenzene was
dissolved in 50 ml of boiling benzene, the solution filtered
hot and added to the boiling ammonium acetate-acetic acid solu-
tion. A yellow precipitate began to form immediately, and the
mixture was allowed-to stand on the steam bath at a temperature
just below boillin6 'or one ,hour, cooled to room temperature and
allowed to stand over night. The product was collected by fil-
tration and washed, first with absolute ethanol then with ether,
and dried in the vacuum oven at 1160. The yield was 3.99 9
(91%), m.p. 2850-2860. The particle size was 75-10G microns.
In the vacuum stability test at 2600 the product gave 7.12 cc
of gas/g/hr.

Two modifications of this procedure are summarized in
Table II.

Identification of 2.4.6-Trinitro-3-aminopnenol: In ore
preparation of 1,3-dimnthoxy-2,4,6-trinitrobenzene, starting
with 735 g of 1,3-dimethoxybenzene, the drowned mixture was
allowed to stand overnight prior to filtering. A second product
precipitated from the filtrate and washings on standing. - Six..
teen grams of this material melting at 750-85R was recovered
by filtration. On recrystallization, the melting point was
raised to 8 50 -86'.

Two grams of the above product was dissol-'d in 12 ml of
benzene and added slowly with stirring to a solution of 1.5 ml
of concentrated ammonium hydroxide in 30 ml of methanol at 500.
The temperature was held at 500 for-20 minutds- after-additi6n --
was complete. Although the color of the solution changed

9
CONFIDENTIAL



CONFIDENTIAL
NAVORD Report 6208

immediatelv to orange-yellow, there was no immediate procipi-
tation. On standing overnight at room temperature, there was
a small amoai.Ar of precipitate and the solution was placed tin
the refrigerator at approximately 50 for an additional 25 hours
and filtered. The oroduct was 0.22 g of orange-yellow crystals
melting at 2530 (dec.). A small amount of the orange-yellow
crystals was dissolved in water and the solution acidified

-with' hydrochloric acid. A lemon-yellow precipitate formed
Immedlately. The solution was filtered and the precipitate
washed with water. After drying in air, the melting point of
the product was 1730-176o and was raised to 175o-17bo by re-,
crystallization from ethanol. Mixed melting point with a
sample of 2,4,6-trinitro-3-am1nophenol (1), 1750-176°*
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